The G1x antigen (42) and Gross cell surface antigen (GCSA) (33) are two serologically wellcharacterized cell surface antigens associated with naturally occurring (Gross-AKR type) murine leukemia virus (MuLV). Glx was first recognized as a differentiation alloantigen found on thymocytes of certain mouse strains (G1x+) often in the absence of complete viral expression, as in strain 129. Glx is absent in other strains (Glx-) . Recent data (32, 46) indicate that G1x is a constituent of gp7O, the major MuLV envelope glycoprotein (6) . Unlike G1x, the appearance of GCSA on lymphoid cells is always correlated with the production of Gross-AKR type MuLV and has been localized in regions of the infected cell surface which are devoid of budding virions by means of immunoelectron microscopy (2) . These antigens are defined by the cytotoxic reactivities of specific G1x-typing (rat) and GCSA-typing (mouse) antisera (33, 42) . The G1x-typing serum, in particular, is known to be broadly reactive and contains antibodies to GCSA determinants (3, 15, 20) , viral envelope antigenic determinants (4, 15) , and internal viral structural proteins (14, 15) , as well as to G1x (42) . Specificity of the Glx-typing system is obtained by use of appropriate target cells in the cytotoxicity assay, strain 129 thymocytes, which restricts the assay to detection of G1x antigen (42) . The GCSA-typing serum is a predominantly type-specific reagent when it is used with E &G2 target cells, a passage A Gross virus-induced leukemia of strain C57BL/6 (3, 33) .
By absorption of the appropriate typing antiserum it was shown that Glx and GCSA antigens could be detected on tissue culture fibroblasts that were productively infected with Gross virus (12) . To investigate further the relationship between G1x and GCSA expression and infection of cells by naturally occurring MULV, we examined a number of ecotropic and xenotropic MuLV isolates for their ability to induce these antigens in vitro. Induction of Glx expression was found to be a type-specific property of some but not all ecotropic MuLVXs which had previously been classified as Gross-AKR type on the basis of virus neutralization tests (17, 18, 22) . The measurement of GCSA expression indicated that a system of multiple antigenic determinants was probably involved with characteristics of both type and group specificity.
MATERILS AND METHODS
Virus. A summary of the viruses used and their histories is given in Table 1 .
The host range of all virus isolates was verified prior to use in these experiments. The host tropism of ecotropic viruses was determined by differential growth on NIH/Swiss mouse embryo (ME) cells and BALB/c-ME cells (28) and failure to replicate in heterologous mink lung fibroblast (CCL64) cells (19) . Conversely, isolates of xenotropic virus were able to replicate in CCL64 cells but not in ME cells.
546
O'DONNELL AND STOCKERT ' N-, B-, or NB-tropic host range of ecotropic viruses is indicated in parentheses after the ecotropic designation.
d Circled numbers indicate the number of cell-free passages in vitro.
Cells. Clone III6A of the feral ME line WM1511 and XC cells were provided by J. W. Hartley. The III6A cell line, which is also called SC-1, does not exhibit Fv-1 restriction of naturally occurring MuLV and is sensitive to both N-and B-tropic viruses (16) . These cells were recloned prior to use in these experiments. ME cells were prepared from embryos in day 14 to 16 ofgestation (17) and stored prior to use at -196°C. Pregnant NIH/Swiss and BALB/c mice were kindly provided by W. P. Rowe. Strain 129, 129-Glx-, and C57BL/6 mice were from our own breeding colony. A W/Fu cell line was constructed from W/Fu rat embryo cells according to the 3T3 protocol (45) . Pregnant W/Fu rats were obtained from our own breeding colony. NRK cells were provided by S. Aaronson, National Cancer Institute, CCL64 and 64J1 cells by C. Sherr, and JLSV9 cells by T. Pincus, Memorial Sloan-Kettering Cancer Center. For virus producer cell lines, the virus released is indicated in parentheses after the cell line designation.
Cells were grown in Dulbecco modified Eagle minimal essential medium (EMEM) supplemented with 250 U of penicillin per ml, 250 ,ug of streptomycin per ml, and 10% heat-inactivated fetal calf serum (Microbiological Associates, Bethesda, Md.). Cell cultures were assayed for the presence of mycoplasma (5) by D. Armstrong, Memorial Sloan-Kettering Cancer Center.
XC plaque and infectious center assays. Ecotropic virus XC plaque titrations and infectious center determinations of the percentage of productively infected cells per culture were performed on II16A indicator cells at 37°C (34) .
Microtiter XC plaque assay. The wells of Falcon Microtest II plates were planted with 2.5 x 103 I6A cells in 0.1 ml of Dulbecco growth medium containing 10 ug of polybrene per ml (Aldrich Chemical Co., Milwaukee, Wis.). On the next day the microcultures were infected by transferring approximately 0.02 ml of culture fluid from the wells of a master plate by means of a replica plating device (Cooke Laboratory Products, Alexandria, Va.). After 4 days of incubation at 37°C the culture fluids were removed, and the cells were UV irradiated overlaid with 104 XC cells, and developed as described above in the standard XC plaque assay.
Virus cloning. MuLV was cloned at limiting dilution using a modified microtiter method (39; O'Donnell et al., Virology, in press). Approximately 1 x 105 to 2 x 105 III6A cells were planted in 60-mm petri dishes (Falcon), infected with virus 18 to 24 h later at a multiplicity of infection of 2.5 x 10-4 PFU/ cell, dispersed with 0.75% trypsin, and planted at a density of 200 cells/well in Falcon Microtest II plates such that there would be an average of 0.05 infectious centers/well. A number of experiments showed that this resulted in a Poisson distribution of infectious centers in the microtiter wells. After 2 weeks of incubation at 37°C the microtiter fluids were assayed for the presence of virus by replica plating in a microtiter XC plaque assay. After determining the distribution of virus-positive cultures, the master plate that had been stored frozen at -80°C was thawed and the culture fluids from a positive well were used to infect fresh cultures of III6A cells. The resulting cultures of chronically infected III6A cells were then used to absorb the anti-G1x and anti-GCSA sera as described. From the distribution of positive cultures it was possible to calculate the probability that such a culture was derived from a single infectious center. For most clonal isolations this statistic was greater than 90%.
Phenotypically mixed virus. A xenotropic virus pseudotype of WN1802N virus was constructed by treating JLSV9 cells that were productively infected by WN1802N virus (105 PFU/ml of culture fluid) with 5-iododeoxyuridine (IUdR; Calbiochem, San Diego, Calif.), which is known to induce endogenous xenotropic virus from these cells (9) . Cells were treated with 10 ,tg of IUdR per ml for 24 h, washed, and refed. Culture fluids were harvested at 3 days after the addition of IUdR, the time at which maximum yields of endogenous virus were obtained from VOL. 20, 1976 547 Glx-typing system. For the Glx-typing system (42), the standard G,x antiserum produced in rats was used: (W/Fu x BN)F, anti-W/Fu leukemia (C58NT)D, abbreviated "anti-NTD." The target cells were thymocytes from strain 129 mice and the complement source was absorbed rabbit serum diluted 1:10.
GCSA-typing system. For the GCSA-typing system (33) , the standard GCSA antiserum was used: C57BL/6 anti-AKR spontaneous leukemia K36, abbreviated "B6 anti-K36." The target cells were E dG2 leukemia cells (transplanted C57BL/6 leukemia induced by passage A Gross virus) and the complement source was pooled guinea pig serum diluted 1:2. Test for absorption of Glx and GCSA antibody by cells. Antisera were appropriately diluted, mixed with washed, packed cells, and incubated for 30 min at 4°C to test for the absorption of Glx and GCSA antibody by cells (42) . After centrifugation at 900 x g for 10 and antiserum absorbed with uninfected III6A cells (A) and EL4 leukemia cells (x), whose phenotype is Glx-IGCSA-. The levels of virus production in the cultures used for absorption are given in Table 2. tively infected HII6A cell lines were used to absorb the appropriate typing sera. The results are given in Table 2 , which includes measurements of the level of virus production at the time the cells were harvested for absorption. Complete absorption (+ +) represents removal of cytotoxic antibodies as shown in Fig. 1 for  WN1802N -infected cells. Failure to absorb cytotoxicity was scored as negative (-) as observed for the GIX antiserum with WN1802B-infected cells (Fig. 1) . Partial absorption (+) was observed only in the case of GCSA typing, where the titer ofthe absorbed antiserum was lowered as compared with the negative absorption of uninfected control cells (Fig. 3) Friend , FT (-), Rauscher (A), and B6B CL D3 (0) viruses. Antisera were absorbed and analyzed as described in the legend to Fig. 1 and in the text. Controls included unabsorbed antiserum (-and antiserum absorbed with uninfected lII6A cells (A) and ERLD leukemia cells (x), whose phenotype is G,x-IGCSA-. The levels of virus production in cultures used for absorption are given in Table 2. WN1802N. This included Fv-1-resistant (Fv-1 b) BALB/c and C57BL/6 cells, where host range restriction was overcome by a high multiplicity of infection (11, 34) , and heterologous cells of rat (W/Fu, NRK) and mink (CCL64) origin. Infection of CCL64 cells was carried out using a murine xenotropic pseudotype of WN1802N, which was constructed by phenotypic mixing. In this instance, only 0.3% of CCL64 cells were productively infected by WN1802N virus as measured by infectious center assay, and unequivocal G,,, typing required absorption of anti-NTD serum diluted nearer to the end point (1:400). The BALB/c xenotropic viruses [S16CL10(I) and MLC 60], Castaneus-X, and NZB viruses all showed partial absorption, whereas no absorption was observed for AT124 and Caroli viruses. Double absorption of the B6 anti-K36 serum with S16CL10(I)-infected cells (Fig. 4) showed that the GCSA+ phenotype observed for xenotropic viruses was similar to that of Rauscher and B6B ecotropic viruses and therefore due to partial GCSA cross-reactivity. As summarized in Table 5 , cells infected by ecotropic viruses were characterized by four distinct G1,IGCSA phenotypes: G,++T/GCSA++, G1x-jGCSA++, G,X++/GCSA+, and G,X-/GCSA+. All MuLV's tested that were G,X++ were also GCSA++, including the endogenous N-tropic isolate from M. musculus subsp. molossinus, which is estimated to be thousands of generations removed from laboratory strains of M. musculus (26) . One special case was the phenotype of cells infected by B6B, a C57BL/6 Btropic isolate, which was G,X++/GCSA+. To determine whether this phenotype is characteristic of C57BL/6 B-tropic viruses, it will be necessary to examine additional B-tropic isolates from normal C57BL/6 mice and from leukemias of this strain. The phenotype of partial GCSA absorption (GCSA+) is discussed below. Three G1xIGCSA phenotypes (Glx++/GCSA++ Glx-I GCSA++, and GQx++/GCSA+) were observed with viruses that had previously been grouped as Gross-AKR type on the basis of virus neutralization data (17, 18, 22) , allowing further subdivision of this class of MuLV's. Within the ecotropic class of MuLV's, only the FMR subgroup had the G,X-/GCSA+ phenotype; such a result for GCSA is consistent with the previously reported partial absorption of GCSA antiserum by FMR leukemia cells (33) . 
